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METHOD OF CALIBRATING ASENSOR, IN 
PARTICULARAYAWRATE SENSOR 

BACKGROUND OF THE INVENTION 

The present invention relates to a method of calibrating a 
sensor, in particular a yaw rate sensor, in which sensor values 
and associated temperature values (T) are stored in the shape 
of reference points in a non-volatile memory of the sensor, in 
which case the values are determined during a calibration 
mode in which the sensor is exposed to a predefined tempera 
ture profile, and relates to a sensor. 

So-called sensor clusters are employed in many cases in 
motor vehicles with ESP functionality, which contain yaw 
rate sensors being connected to a separate electronic brake 
control unit (EBS) via a data bus. A sensor cluster consists of 
screened housing, yaw rate sensor elements, an electronic 
processing unit (e.g. microcontroller) and a data bus such as a 
CAN bus (WO 00/32022). 
The sensor cluster makes use of at least one yaw rate 

sensor, the Zero offset error thereof depending on manufac 
turingtolerance, temperature and ageing. During operation of 
the sensor, this Zero point is responsible for possible inaccu 
racies of the yaw rate sensor in dependence on temperature. 
The yaw rate sensor is calibrated within limits during its 

manufacture and during its operation with respect to its Zero 
offset error. 

FIG. 1 shows the signal processing within the sensor clus 
ter, which is described in WO 01/50090A1. 

During manufacture the sensor cluster is Switched into a 
special calibration mode. Subsequently, the sensor cluster 
runs through a fixed temperature range in a furnace. As this 
occurs, the Software in the sensor cluster senses the tempera 
ture and the Zero point of the yaw rate sensor. 

The reference points IT, Yo, are determined from the 
read-in data and are saved in the non-volatile memory. The 
calibration mode is left thereafter. 

Thus, n-correction positions T. Y(n) are available 
for the Zero point correction of the yaw rate sensor. 

During operation of the vehicle, the temperature of the 
sensor module is constantly measured, and based on this 
value the Zero offset error of the yaw rate sensor is calculated 
using the stored reference points by way of linear interpola 
tion. 

The yaw rate signal sent by way of the CAN bus is calcu 
lated from the measured sensor signal and the calculated Zero 
point of the yaw rate sensor according to the following rela 
tion: 

cluster = Ysensor - offset 

When vehicle standstill is detected, the temperature of the 
sensor module and the yaw rate are measured. These values 
are allocated to one of the temperature classes stored in a 
non-volatile memory. A suitable method is used to determine 
the average value of the already saved Zero point of the yaw 
rate sensor and the newly measured value. The result is stored 
in the non-volatile memory instead of the old value. 

This calibration still does not provide a sufficient rate of 
accuracy for some special service requirements; hence, there 
is the demand of further improving the Zero offset error. 

In view of the above, an object of the invention is to still 
further improve the accuracy of the calibration of the sensor 
eO. 
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2 
SUMMARY OF THE INVENTION 

The invention achieves this object in that a generic method 
for calibration of a sensor, in particular a yaw rate sensor, in 
which sensor values and associated temperature values are 
stored in the shape of reference points in a non-volatile 
memory of the sensor, in which case the values are deter 
mined during a calibration mode in which the sensor is 
exposed to a predefined temperature profile, is implemented 
in such a manner that the values determined in the calibration 
mode are used to determine coefficients of a polynomial of 
nth order, and these coefficients are stored. 

Polynomial interpolations are e.g. known from www 
mathe-online.at. 
The method of calibrating the Zero point of an inexact yaw 

rate sensor, which compensates the still existing Zero offset 
error depending on the temperature by means of a polynomial 
of nth order and thereby achieves an improvement in terms of 
accuracy, also renders it possible to compensate the compo 
nent of the Zero offset error of the yaw rate sensor that is due 
to ageing. 

Favorably, the method performs an adaptation of the coef 
ficients found during the service life of the sensor cluster, 
what improves the calibration still more. 
The method arranges to determine coefficients of a poly 

nomial of nth order by making the sensor clusterpass through 
a fixed temperature range in a furnace during the manufac 
ture. As this occurs, the Software in the sensor cluster senses 
the temperature and the Zero point of the yaw rate sensor. The 
sensor cluster determines from the measured values the coef 
ficients of the polynomial and stores these coefficients in the 
non-volatile memory. 

During operation of the sensor cluster, the temperature T of 
the sensor module is sensed and the Zero point of the yaw rate 
is corrected using the polynomial of nth order and the stored 
coefficients. 

Advantageously, a polynomial of nth order is used to cal 
culate a compensation value Yo, by means of the deter 
mined and stored coefficients during the operation of the 
sensor in the motor vehicle, that means during defined oper 
ating states of the motor vehicle. 

Preferably, an error-corrected sensor valueY is deter 
mined by means of the compensation value Yo, and the 
measured sensor value during operation of the sensor in the 
motor vehicle. 

In this case, the first coefficients are calculated during the 
calibration mode, while the first error-corrected sensor values 
are determined during operation of the sensor in the motor 
vehicle. In the further course of action, the calculated error 
corrected sensor values Y and associated temperature 
values are favorably determined for calculation of the coeffi 
cients of the polynomial of nth order during the operation of 
the sensor in the motor vehicle, with these coefficients being 
stored. 

In a calibration method of the invention, the determined 
and stored coefficients are used to calculate a compensation 
value Yo, preferably by means of a polynomial of third 
order during the operation of the sensor in the motor vehicle, 
and this compensation value is logically operated with the 
measured sensor value in Such a way that, according to the 
relation Yi, Ys-Y, the error-corrected sensor 
value is obtained which can be sent to a vehicle controller. 
Preferred vehicle controllers are driving stability controllers 
such as ESP, ARP, ABS or occupant protection control sys 
temS. 
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A method runs in a vehicle controller for driving stability 
control and/or occupant protection control when a sensor, in 
particularayaw rate sensor, is provided. Favorably, the sensor 
is at least characterized by: 

a sensor element, 
a signal processing unit, 
a data bus, 
a non-volatile data memory, 
means for mode change-over with at least one calibration 
mode and one operating mode, 

a temperature sensor and/or means for reading in tempera 
ture information, in particular by way of the data bus, 
and 

an appropriate algorithm which produces the coefficients 
of a polynomial of nth order based on stored sensor 
values and associated temperature values. 

The sensor cluster is preferred to consist of a microcontrol 
ler (processing unit) and a non-volatile memory, and depend 
ing on the design, of a defined number of yaw rate sensors and 
acceleration sensors and a signal-conditioning stage. 

According to the method, the sensor data is preferred to be 
read in by a processing unit and to be output thereafter to the 
vehicle controllers using a bus interface. 

Preferably, the sensor cluster can be extended by at least 
one temperature sensor for the possibility of calibrating the 
Zero point as explained in this invention. 

Further preferred embodiments can be seen in the subse 
quent description of an embodiment making reference to the 
Figures that follow. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the accompanying drawings: 
FIG. 1 is a schematic representation of determining a com 

pensation value according to the prior art; 
FIG. 2 is a schematic representation of determining a com 

pensation value according to the invention; 
FIG. 3 shows an exemplary curve of a yaw rate as a func 

tion of the temperature; 
FIG. 4 shows a number of n-points (reference points) T. 

Yo, which are used for the Zero point calibration of the yaw 
rate Sensor, 

FIG. 5 is a schematic representation of calculating the new 
Zero point. 

DETAILED DESCRIPTION OF THE DRAWINGS 

FIG. 2 illustrates the signal processing unit 10 within the 
sensor cluster. The Zero point of the yaw rate sensor 11 
depends on the temperature T of the sensor module. A tem 
perature sensor 12 as disclosed in document DE 42 28 893 
B4, for example, is provided within the sensor cluster for 
measuring the temperature. 
The sensor cluster is switched into a special calibration 

mode during manufacture. Subsequently, the sensor cluster 
passes through a fixed temperature range in a furnace. As this 
occurs, the sensor cluster Software senses the temperature and 
the Zero point of the yaw rate sensor. The read-in data is 
grouped and stored in the non-volatile memory 14. Further, 
the coefficients Co.,..., C , C of a polynomial of nth order 
are determined from the sensed values using an appropriate 
algorithm and are likewise stored in the non-volatile memory 
14. Subsequently, the special calibration mode is left. 

FIG. 3 shows as an example a curve of the yaw rate as a 
function of the temperature which can be plotted in a first 
operating mode, i.e. during a calibration measurement. Dur 
ing the calibration mode, the curve of the yaw rate as a 
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4 
function of the temperature is split up in the shape of refer 
ence points with n points (n-number of the calibration 
points), and these points are stored. 

FIG. 4 shows a number of n points (reference points) T. 
Yo which are taken into account for the Zero point calibration 
of the yaw rate sensor. 

In the second operating mode, i.e. during operation of the 
sensor in the motor vehicle, the temperature and the Zero 
point of the yaw rate sensor are measured when vehicle stand 
still is detected and are stored intermediately as a new point 
(reference point) (FIG. 4). Based on the reference points 
which have been stored in the non-volatile memory 14 during 
the manufacture and based on the new point, the coefficients 
for a polynomial of third order are now re-calculated using an 
appropriate algorithm. These re-calculated coefficients are 
stored in the non-volatile memory 14 of the sensor cluster and 
substitute the values which have been valid up to this point of 
time. 
A primary vehicle controller, preferably the driving 

dynamics controller, sends the information about a reliably 
detected vehicle standstill to the sensor cluster. 
The polynomial 

Y. = Cn(T) + C-1(T) +... + C(T) + Co 

which is illustrated in the box of FIG. 5 as an example of a 
polynomial of third order is used to calculate the new zero 
point. 
The yaw rate signal sent via the CAN interface is also 

calculated from the sensor signal and the re-calculated Zero 
point according to the following formula 

cluster = Ysensor - offset 

The invention claimed is: 
1. A method of calibrating a sensor, the method compris 

ing: 
performing a calibration mode in which the sensor is 

exposed to a predefined temperature profile; 
determining sensor values and associated temperature val 

ues during the calibration mode; and 
storing the sensor values (Y) and associated tempera 

ture values (T) in a non-volatile memory of the sensor; 
using the sensor values (YT) determined in the cali 

bration mode to determine coefficients (Co., C. C.) 
of a polynomial of nth order; and 

storing the coefficients, wherein the determined and stored 
coefficients (Co. . . . . C. C.) are used to calculate a 
compensation value Yob means of a polynomial of at 
least third order during operation of the sensor. 

2. The method of claim 1, wherein a compensation value 
Yo, is calculated using a polynomial of nth order by means 
of the determined and stored coefficients (Co., ..., C. C.) 
during operation of the sensor. 

3. The method of claim 2, wherein an error-corrected sen 
sor value Y is determined by means of the compensation 
value Yo, and the measured sensor value during operation 
of the sensor. 

4. The method of claim 1, wherein error-corrected sensor 
values Y and associated temperature values T are deter 
mined for calculation of the coefficients of the polynomial of 
nth order during the operation of the sensor. 
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5. The method of claim 1, wherein the sensor is a yaw rate a non-volatile memory (14), wherein the non-volatile 
SSO. memory stores sensor values from the sensor element 

6. The method of claim 5, wherein the sensor is provided in (11) and associated temperature values from the tem 
a vehicle. perature sensor, and 

7. A sensor comprising: 5 an algorithm which produces coefficients of a polynomial 
of nth order based on the stored sensor values and asso 
ciated temperature values, wherein the determined and 
stored coefficients (Co.,..., C.C.) are used to calculate 
a compensation value Yo, by means of a polynomial 

10 of at least third order during operation of the sensor. 

a sensor element (11); 
an electronic processing unit (10); 
a data bus; 
means for mode change-over with at least one calibration 
mode and one operating mode; 

a temperature sensor (12); k . . . . 


